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Abstract
Introduction Renovascular hypertension (RVH) remains underdiagnosed despite its significant cardiovascular and renal 
morbidity.
Aim This survey investigated screening and management practices for RVH among hypertensive patients in Italian hyper-
tension centres in a real-life setting. Secondary, we analysed the current spread of renal denervation (RDN) and the criteria 
used for its eligibility.
Methods A 12 item-questionnaire was sent to hypertension centres belonging to the European Society of Hypertension and 
to the Italian Society of Hypertension (SIIA) in Italy. Data concerning the screening and management of RVH and of RDN 
were analysed according to the type of centre (excellence vs non-excellence centres), geographical area and medical specialty.
Results Eighty-two centres participated to the survey. The number of patients diagnosed in each centre with RVH and 
fibromuscular dysplasia during the last five years was 3 [1;6] and 1 [0;2], respectively. Despite higher rates of RVH diagno-
sis in excellence centres (p = 0.017), overall numbers remained unacceptably low, when compared to expected prevalence 
estimates. Screening rates were inadequate, particularly among young hypertensive patients, with only 28% of the centres 
screening for RVH in such population. Renal duplex ultrasound was underused, with computed tomographic angiography 
or magnetic resonance angiography reserved for confirming a RVH diagnosis (76.8%) rather than for screening (1.9–32.7%, 
according to patients’ characteristics). Scepticism and logistical challenges limited RDN widespread adoption.
Conclusions These findings underscore the need for improving RVH screening strategies and for a wider use of related 
diagnostic tools. Enhanced awareness and adherence to guidelines are crucial to identifying renovascular hypertension and 
mitigating associated cardiovascular and renal risks.
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1 Introduction

Renovascular hypertension (RVH) is a secondary form of 
hypertension resulting from a reduced renal blood flow, 
typically due to a renal artery stenosis (RAS) leading to un 
upregulation of the renin-angiotensin-aldosterone system. 
In adults, RVH is caused by atherosclerotic renovascular 
disease (ARVD) in most of the patients [1], despite differ-
ential diagnosis should consider fibromuscular dysplasia 
(FMD), a non-inflammatory non-atherosclerotic idiopathic 
and segmental disease leading to stenosis of medium sized 
arteries due to intima hyperplasia, especially in specific 
subsets of patients (i.e. young women with hypertension) 
[2], and other more rare causes [3]. ARVD is the second 
most common cause of secondary hypertension, with a 
prevalence ranging from 1 to 14-24% according to hyper-
tension severity [4, 5] and the coexistence of other form of 
arteriopathies, such as atherosclerotic peripheral or coro-
nary artery disease [6–8]. FMD has been considered a rare 
disease, often asymptomatic and diagnosed incidentally, 
with a prevalence of < 1% [9], which may be responsi-
ble for severe and life-threatening vascular complications 
or severe and refractory form of hypertension, especially 
among the youngest [10, 11]. However, recent study sug-
gested that its prevalence may be higher, reaching 3.5% 
among female potential renal donor candidates [12–14] 
and 5-10% in patients with hypertension [2].

ARVD is commonly diagnosed in patients presenting 
with hypertension, impaired renal function and, less fre-
quently, with heart failure and has been repeatedly associ-
ated with left ventricular hypertrophy and slowly or rap-
idly progressing chronic kidney disease (CKD) leading 
to an increased risk for overall cardiovascular and renal 
morbidity and mortality due to congestive heart failure, 
end-stage CKD, atherosclerotic coronary disease or cer-
ebrovascular events [15–17]. Similarly, hypertension is 
the most frequent presenting symptom of renal FMD [2], 
alongside with progressing CKD and/or hypertension-
related pregnancy disorders, such as gestational hyper-
tension or preeclampsia [18], interesting more frequently 
younger patients [2].

Several studies have underlined that an early diagno-
sis of RVH is crucial to optimize therapeutic strategy, to 
reduce overall vascular and renal risk, which frequently 
may remain high due to the comorbidities and the already 
superimposed organ damages, and to set-up a proper and 
patient-based follow-up. Nevertheless, RVH diagnosis, 
both in terms of ARVD and, especially, of FMD diagno-
sis, is still adversely affected by a large diagnostic delay, 
affecting effectiveness of treatment strategies, especially 
of endovascular ones. As such, the missed diagnosis or the 
diagnostic delays of secondary form of hypertension have 

been advocated among the main reasons for poor blood 
pressure control by the Lancet Commission [19].

Renal denervation (RDN), through targeted modulation 
of sympathetic nerve activity, offers an effective mechanism 
for blood pressure reduction and represents a valuable thera-
peutic option for patients with treatment-resistant hyperten-
sion (RHTN) and intolerance to multiple medications. How-
ever, despite the positive results of the recent trials and the 
indication in the current 2023 ESH guideline, RDN diffusion 
still appears to be limited [20, 21].

The aim of this study was to investigate the current rate 
of screening and management of ARVD and FMD among 
hypertensive patients evaluated at referral centres for 
hypertension in Italy, belonging to the European Society of 
Hypertension (ESH) and the Italian Society of Hyperten-
sion (SIIA). Finally, despite RDN is not recommended as a 
treatment for RVH, we aimed to implement this survey by 
investigating also the current spread of RDN and the criteria 
used for its eligibility among the same centres, since this 
procedure may often involve the same figures and specialists 
dealing with the diagnosis and treatment of RVH.

2  Methods

We sent the invitation to participate to this nationwide sur-
vey to the hypertension specialists belonging to the Hyper-
tension centres certified by the SIIA in Italy, with a rate 
response of circa 56%. Participating centres were divided 
into excellence centres (if certified by the Societies as refer-
ence centre for care of hypertension) and non-excellence 
centres. All physicians were interviewed concerning the 
screening and management of RVH trough a designed self-
reported questionnaire consisting of 12 items (see Table S1 
in the supplementary file) which was sent via institutional 
communication channels of the Societies and with the 
help of the regional sections and the ARCA (Associazioni 
Regionali Cardiologi Ambulatoriali) Piemonte.

Data were descriptively analysed for the whole cohort 
and then after stratification according to geographical area 
(North versus Centre-South Italy), type of the centres (excel-
lence versus non-excellence centres) and medical specialty 
(cardiology, internal medicine and others). All participat-
ing centres were included. Centres were excluded only if no 
response/filled questionnaire was provided within the fixed 
deadline.

Statistical analysis was performed by IBM SPSS Statis-
tics 26 (IBM Corp, Armonk, NY) and GraphPad Prism 9.0 
(GraphPad, La Jolla, CA). Data are presented as median 
and interquartile range or frequencies as appropriated. Cat-
egorical variables were compared using the Chi-square or 
Fisher’s test. Scalar variables were compared using the 
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Kruskal-Wallis or Mann-Whitney tests. A P < 0.05 was 
considered to be statistically significant.

3  Results

A total of 82 centers in 14 Italian regions were involved, 
of which 63% located in the north of Italy and 37% in the 
center-south of Italy, as already shown in the study of Di 
Dalmazi G et al. [22]. One third of the centers were labelled 
as excellence centers and concerning on the medical spe-
cialty of the physicians referring to each hypertension center, 
internal medicine was the most frequent one (44%), followed 
by cardiology (31%), while other medical specialties, such 
as endocrinology and nephrology, represented the remaining 
25% (Fig. 1). The resulting geographical distribution of the 
involved centres largely reflects the geographical distribu-
tion of all Hypertension Centres belonging to the SIIA and, 
especially, the geographical distribution of the Italian ESH 
Excellence Hypertension Centres.

The total number of patients evaluated by all the centers 
during the year before the response was 78,790, of which 
21,890 as first evaluations. The average number of patients 
referred in 1 year to each hypertension center was 600 
[300;1500], of which 175 patients [100;313] as first evalua-
tion and 10% (5–25%) with RHTN. The median number of 
patients diagnosed in each center with RVH and FMD dur-
ing the last five years was 3 [1;6] and 1 [0;2], respectively, 
irrespectively of the geographical area (North vs Center-
south: RVH P = 0.804 and FMD P = 0.812, respectively). 

When compared to the other groups, cardiologists were less 
likely to be referred with patients with RHTN (P = 0.048), 
and newly diagnosed FMD patients during the last five years 
were more likely to be recorded among internal medicine 
specialists (P = 0.013), rather than among cardiologists or 
other specialists. When compared to non-excellence centers, 
excellence centers had a higher average of patients per year 
(P < 0.001) and reported a higher number of patients newly 
diagnosed with RVH (P = 0.017) and FMD (P < 0.001) 
during the last five years.

Concerning on RDN, the median number of patients 
undergoing RDN for each center was 5 [2;11] without sig-
nificant differences when considering the geographical area 
or the type of the center, but with internal medicine special-
ists reporting a higher number of patients in the last five 
years compared to other groups (P = 0.021) (Table 1).

3.1  Diagnosis and Management of RVH

Table 2 and Fig. 2 report the results of the questions on the 
diagnosis and the management of RVH and RDN. Among 
patients younger than 40 years old, only 28% (23/82) of the 
centers would screen with a renal duplex ultrasound (US) in 
the case of hypertension with no other symptoms, whereas 
the screening percentage would increase in the presence of 
hypertension and another sign/symptom such as abdominal 
bruit (57.3%), CKD or renal size asymmetry (59.8%), reduc-
tion of kidney function after therapy with a renin-angio-
tensin system inhibitor (42.7%) (angiotensin I-converting 
enzyme inhibitors—ACE-Is, or angiotensin II receptor 

Fig. 1  Response to questions 2, 3 and 5 of the questionnaire. The pie charts report frequencies (%) while histograms report distribution accord-
ing to geographical areas, prevalent medical specialty, and type of the centre. *P < 0.05; **P < 0.01; *P < 0.001
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blockers—ARBs) and in the case of RHTN (64.6%). When 
considering patients older than 50 years old, screening with 
renal duplex US would be performed in the presence of 
RHTN in 80.5% of the centers, of hypertension and reduced 
kidney function after therapy with ACE-Is/ARBs in 57.3% 
of the centers, of CKD and/or renal size asymmetry in 70.7% 
of the centers, of abdominal bruit in 62.2% of the centers and 
in the presence of atherosclerotic lesions in other vascular 
beds in the 53.7% of the centers. Only 4.9% of the centers 
would screen with a renal duplex US routinely hypertensive 
subjects with no other symptoms when older than 50 years 
old.

Computed tomographic angiography (CTA) or magnetic 
resonance angiography (MRA) of the renal arteries would 
be performed predominantly in case of patients with hyper-
tension and suspicion of RAS in the 76.8% of the centers or 
in patients with a diagnosis of RAS based on renal duplex 
US in view of endovascular revascularization in 64.6% of 
the centers. Interestingly, only 26.8% and 8.5% of the cent-
ers would screen with a CTA or a MRA of the renal arter-
ies respectively patients with RHTN or mild to moderate 
form of hypertension without CV risk factors, irrespective 
of the gender (see Figure S1 in the supplementary file). The 
analysis by geographical area and type of centers did not 

highlight significant differences in the management and 
screening of patients with RVH, with the only exception of 
excellence centers being more likely to screen patients with 
RHTN for RVH with a CTA or MRA of renal arteries rather 
than non-excellence centers (28% vs 5.3% P=0.007) (see 
Table S2 and Figure S2 in the supplementary file and Fig. 3). 
Conversely, the analysis according to the medical specialty 
revealed a lower proportion of screening for RVH among 
cardiologists than other specialists for patients with flash 
pulmonary edema, irrespective of the age (< 40 years old: 
P=0.006; > 50 years old: P = 0.002), and for patient with 
a reduction of kidney function after ACE-Is/ARBs when 
older than 50 years old (P = 0.030). Furthermore, special-
ists in internal medicine would screen more frequently than 
all other specialists for RVH with a CTA or MRA in case of 
patients with hypertension and intracranial and/or systemic 
aneurysms (P = 0.027) (Table 3).

3.2  Diffusion of RDN

Concerning on RDN, most of the centers involved (62.2%) 
declared not to follow patients who had already under-
gone RDN. Reasons for reduced eligibility to RDN, with-
out significant differences among the centers, were lack of 

Table 1  Sub-analysis on geographical areas, prevalent specialty, and excellence centres concerning numbers of patients for each centre

P-value in bold are statistically significant (P-value < 0.05)
RVH renovascular hypertension, FMD fibromuscular dysplasia, RDN renal denervation

Geographical areas North (n = 52) Centre-South (n = 30) P-value

Average number of referred patient in 1 year (n) 600 [300; 1338] 675 [300; 2000] 0.585
Patients evaluated as first visit (n) 175 [100; 300] 175 [50; 500] 0.828
Patients with resistant hypertension (%) 10.0 [5.0; 28.8] 12.5 [5.0; 20.0] 0.919
Patients with RVH diagnosed per year in the last 5 years (n) 3 [1; 7] 3 [2; 5] 0.804
Patients with FMD diagnosed in the last 5 years (n) 1 [0; 2] 1 [0; 2] 0.812
Patients undergoing RDN followed per center (n) 6 [2; 13] 5 [3; 13] 0.967

Prevalent specialty Internal medicine (n = 36) Cardiology (n = 25) Others (n = 21) P-value

Average number of referred patient in 1 year (n) 600 [300; 1876] 800 [300; 1425] 500 [175; 1650] 0.731
Patients evaluated as first visit (n) 225 [105; 463] 150 [80; 350] 100 [30; 275] 0.064
Patients with resistant hypertension (%) 12.5 [6.3; 30.0] 10.0 [5.0; 12.5] 15.0 [10.0; 45.0] 0.048
Patients with RVH diagnosed per year in the last 5 years (n) 3 [1; 7] 4 [0; 10] 2 [2; 4] 0.760
Patients with FMD diagnosed in the last 5 years (n) 2 [0; 2] 0 [0; 2] 0 [0; 2] 0.013
Patients undergoing RDN followed per center (n) 8 [5; 17] 5 [2; 23] 2 [2; 6] 0.021

Excellence centres Yes (n = 25) No (n = 57) P-value

Average number of referred patient in 1 year (n) 1500 [500; 2000] 450 [200; 1000] < 0.001
Patients evaluated as first visit (n) 300 [175; 650] 100 [60; 300] < 0.001
Patients with resistant hypertension (%) 15.0 [6.5; 30.0] 10.0 [5.0; 22.5] 0.895
Patients with diagnosed per year in the last 5 years (n) 4 [2; 10] 2 [0; 5] 0.017
Patients with diagnosed in the last 5 years (n) 2 [1; 4] 0 [0; 2] < 0.001
Patients undergoing RDN followed per center (n) 5 [2; 15] 5 [2; 9] 0.641
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Table 2  Analysis on screening and management of renovascular hypertension (RVH), fibromuscular dysplasia (FMD) and renal denervation 
(RDN) for all centres

ACE-Is angiotensin I converting enzyme inhibitors, ARBs angiotensin II receptor blockers, CTA  computed tomography angiography, MRA mag-
netic resonance angiography

All centers (n = 82)

(6) Which of the following patients, younger than 40 years, do you screen with a renal duplex ultrasound?
a. All patients with hypertension 23 (28.0)
b. Only female patients with hypertension 6 (7.3)
c. Hypertensive patients with abdominal bruit 47 (57.3)
d. Patients with reduced kidney function and/or renal size asymmetry 49 (59.8)
e. Patients with flash pulmonary oedema 25 (30.5)
f. Patients with a reduction in kidney function after therapy with ACE-I or ARBs 35 (42.7)
g. Patients with resistant hypertension 53 (64.6)
(7) Which of the following patients, older than 50 years, do you screen with a renal duplex ultrasound?
a. All patients with hypertension 4 (4.9)
b. Only male patients with hypertension 1 (1.2)
c. Hypertensive patients with abdominal bruit 51 (62.2)
d. Patients with reduced kidney function and/or renal size asymmetry 58 (70.7)
e. Patients with flash pulmonary oedema 36 (43.9)
f. Patients with a reduction in kidney function after therapy with ACE-I or ARBs 47 (57.3)
g. Patients with resistant hypertension 66 (80.5)
h. Patients with atherosclerotic lesions in other vascular beds (carotid, coronary …) 44 (53.7)
(9) Which of the following patients do you screen with a CTA or MRA of the renal arteries?
a. All patients with hypertension 0 (0.0)
b. All patients with resistant hypertension 10 (12.2)
c. Only female hypertensive patients (< 50 years) without cardiovascular risk factors 3 (3.7)
d. All female hypertensive patients irrespective of age and of cardiovascular risk factors 0 (0.0)
e. Male and female hypertensive patients (< 50 years) without cardiovascular risk factors 7 (8.5)
f. Hypertensive patients with suspicion of renal artery stenosis 63 (76.8)
g. Hypertensive patients with intracranial and/or systemic aneurysms 22 (26.8)
h. None (only based on renal duplex ultrasound) 5 (6.1)
i. Echographic diagnosis of renal artery stenosis in view of endovascular revascularization 53 (64.6)
(10) Do you follow patients who have already undergone renal denervation (RDN)?
a. No 51 (62.2)
b. Yes (patients who underwent renal denervation in other centres) 7 (8.5)
c. Yes (patients who underwent renal denervation in our centre) 24 (29.3)
(11) Which of the following patients would you consider eligible for renal denervation?
a. None 9 (11.0)
b. Patients with resistant hypertension 57 (69.5)
c. Patients with intolerance to several antihypertensive drugs 55 (67.1)
d. Patients with known ad documented poor adherence to therapeutic regimen 32 (39.0)
e. Patients with uncontrolled hypertension under one or two drugs 6 (7.3)
(12) Which are the most important obstacles in your centre in order to propose patients for renal denervation?
a. Fear for complications 15 (18.3)
b. Difficulty on finding a referral specialist for the procedure 30 (36.6)
c. Disbelief in procedure efficacy 21 (25.6)
d. Lack of a national or regional consensus which standardize algorithm of choice and treatment 36 (43.9)
e. Difficulty on evaluating treatment adherence though therapeutic drug monitoring 19 (23.2)
f. High cost of the procedure 8 (9.8)
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standardized national or regional consensus protocols for 
treatment (43.9%), lack of referral specialists for the pro-
cedure (36.6%), difficulty on evaluating treatment adher-
ence before the procedure (23.2%), fear for complications 
(18.3%) and costs of the procedures (9.8%). Finally, a high 
proportion of the interviewed centers remains skeptical on 
the effectiveness of the procedure (25.6%). Patients were 
considered eligible for RDN more frequently in case of 
RHTN (69.5%) or difficult-to-control hypertension due to 
multiple intolerance to antihypertensive drugs (67.1%), 
rather than in case of poor adherence to therapeutic regi-
men (39%) or of uncontrolled BP values under one or 
two antihypertensive drugs (7.3%). While the analysis by 
geographical area and type of specialty did not highlight 
significant differences in terms of RDN spread and man-
agement, analysis by type of center showed that excellence 
centers were more likely to follow patients who under-
went RDN (P < 0.001), irrespective of the centers where 
the procedure was initially performed, probably mostly 
because of the difficulty to find a referral specialist for the 

procedure experienced by the non-excellence centers (P 
= 0.002) (Table 4).

4  Discussion

This study provides the results of a large-scale survey on 
the screening and management of renovascular hyperten-
sion and RDN among hypertension centres affiliated with 
SIIA and ESH and distributed in all the Italian territory. 
The aim was to provide an insight on the current common 
practice on RVH management in a real-life setting.

The survey highlighted that screening of RVH remains 
underperformed irrespective of the medical specialty, 
and the type or the geographical location of the hyper-
tension centres. Despite data collection was not planned 
for calculating the prevalence of ARVD and FMD, we 
may estimate from this report that the prevalence of new 
diagnosis is 0.3% (average of 3 patients in the last five 
years/175 new patients/year) for ARVD and 0.1% (average 

Fig. 2  Response to questions 6-to-12 of the questionnaire after strati-
fication for medical specialty. Data are reported as frequencies. *P < 
0.05; **P < 0.01. ACE-Is angiotensin I converting enzyme inhibitors, 

ARBs angiotensin II receptor blockers, CTA  computed tomography 
angiography, MRA magnetic resonance angiography
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of 1 patient in the last five years/175 new patients/year) for 
FMD, in patients at first evaluations and even lower in the 
whole cohort of patients referred in 1 year (average of 600 
patients/year). These numbers are lower than expected, 
since the prevalence of ARVD and FMD among patients 
with hypertension has been reported to range from 1 to 
24% and from 5 to 10% for ARVD and FMD, respectively, 
according to hypertension severity [2, 4, 5]. Furthermore, 
despite excellence centres reported a higher number of 
new diagnoses of ARVD and FMD when compared with 
non-excellence centres, the estimated numbers remain 
too small compared with the expected prevalences. The 
present data are of concern considering that 10% of the 
patients (5–25%) were referred for RHTN, a condition in 
which the prevalence of secondary form of hypertension 
is particularly high [5, 15, 23].

On average, less than one third of the centres would 
screen routinely for RVH patients with hypertension younger 
than 40 years using a renal duplex US. Despite the rate of 
screening reported is higher in case of hypertension associ-
ated with specific symptoms suspicious for RVH the propor-
tion of screening for RVH among young patients with hyper-
tension remains unacceptably low. In fact, roughly 40–50% 
of the centres do not to screen for RVH with a renal duplex 
US even in case of abdominal bruit, CKD or asymmetry 

in renal diameters, reduction in kidney function after ther-
apy with a renin-angiotensin system inhibitor or in case of 
RHTN, independently of the type and geographic distribu-
tion of the centres and of the medical specialty. This low 
screening rate of RVH among young patients with hyperten-
sion is worrying since secondary forms of hypertension are 
more frequent in this group of patients, where hypertension 
work-up should be deepened also to reduce development of 
hypertension-mediated organ damages (HMODs).

In older patients, the screening rate for RVH in the pres-
ence of hypertension alone, independently of the gender, is 
even lower (4.9%) and increases in case of RHTN or when 
hypertension coexists with a reduced kidney function. 
Importantly, roughly 40–55% of the hypertension centres 
would not screen for RVH in case of hypertension and a 
reduction in kidney function after a therapy with a renin-
angiotensin system inhibitor or in case of recurrent flash 
pulmonary oedema, with the highest proportion of under-
screening among cardiologists.

This is in contrast with the current guideline that rec-
ommend screening for secondary hypertension, including 
RVH, all young patients with moderate-to-severe hyperten-
sion, patients with severe or malignant hypertension, true 
RHTN, patients with acute worsening of blood pressure 
control when previously normotensive or with controlled 

Fig. 3  Response to questions 6-to-12 of the questionnaire after strati-
fication for type of centre. Data are reported as frequencies. *P < 
0.05. ACE-Is angiotensin I converting enzyme inhibitors, ARBs angi-

otensin II receptor blockers, CTA  computed tomography angiography, 
MRA magnetic resonance angiography
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hypertension, and patients with a severe or disproportioned 
HMOD in respect of the duration and severity of hyperten-
sion [20]. Thus, ARVD should be suspected in old patients 

(> 65 years old) with RHTN, flash pulmonary oedema, rap-
idly decline in kidney function, especially under the use of 
ACE-Is or ARBs, or generalized atherosclerosis. Screening 

Table 3  Sub-analysis on medical specialty concerning screening and management of renovascular hypertension (RVH), fibromuscular dysplasia 
(FMD) and renal denervation (RDN)

P-value in bold are statistically significant (P-value < 0.05)
ACE-Is angiotensin I converting enzyme inhibitors, ARBs angiotensin II receptor blockers, CTA  computed tomography angiography, MRA mag-
netic resonance angiography

Prevalent specialty Internal medi-
cine (n = 36)

Cardiology (n = 25) Others (n = 21) P-value

(6) Which of the following patients, younger than 40 years, do you screen with a renal duplex ultrasound?
a. All patients with hypertension 10 (27.8) 6 (24.0) 7 (33.3) 0.783
b. Only female patients with hypertension 2 (5.6) 2 (8.0) 2 (9.5) 0.872
c. Hypertensive patients with abdominal bruit 21 (58.3) 16 (64.0) 10 (47.6) 0.527
d. Patients with reduced kidney function and/or renal size asymmetry 25 (69.4) 13 (52.0) 11 (52.4) 0.285
e. Patients with flash pulmonary oedema 16 (44.4) 2 (8.0) 7 (33.3) 0.006
f. Patients with a reduction in kidney function after therapy with ACE-I or ARBs 17 (47.2) 8 (32.0) 10 (47.6) 0.432
g. Patients with resistant hypertension 24 (66.7) 18 (72.0) 11 (52.4) 0.361
(7) Which of the following patients, older than 50 years, do you screen with a renal duplex ultrasound?
a. All patients with hypertension 3 (8.3) 0 (0.0) 1 (4.8) 0.363
b. Only male patients with hypertension 0 (0.0) 0 (0.0) 1 (4.8) 0.256
c. Hypertensive patients with abdominal bruit 21 (58.3) 17 (68.0) 13 (61.9) 0.745
d. Patients with reduced kidney function and/or renal size asymmetry 26 (72.2) 17 (68.0) 15 (71.4) 0.937
e. Patients with flash pulmonary oedema 21 (58.3) 4 (16.0) 11 (52.4) 0.002
f. Patients with a reduction in kidney function after therapy with ACE-I or ARBs 23 (63.9) 9 (36.0) 15 (71.4) 0.030
g. Patients with resistant hypertension 29 (80.6) 20 (80.0) 17 (81.0) 1.000
h. Patients with atherosclerotic lesions in other vascular beds (carotid, coronary …) 19 (52.8) 12 (48.0) 13 (61.9) 0.634
(9) Which of the following patients do you screen with a CTA or MRA of the renal arteries?
a. All patients with hypertension 0 (0.0) 0 (0.0) 0 (0.0) 1.000
b. All patients with resistant hypertension 6 (16.7) 3 (12.0) 1 (4.8) 0.431
c. Only female hypertensive patients (< 50 years) without cardiovascular risk factors 1 (2.8) 0 (0.0) 2 (9.5) 0.337
d. All female hypertensive patients irrespective of age and of cardiovascular risk factors 0 (0.0) 0 (0.0) 0 (0.0) 1.000
e. Male and female hypertensive patients (< 50 years) without cardiovascular risk factors 5 (13.9) 2 (8.0) 0 (0.0) 0.272
f. Hypertensive patients with suspicion of renal artery stenosis 30 (83.3) 18 (72.0) 15 (71.4) 0.465
g. Hypertensive patients with intracranial and/or systemic aneurysms 15 (41.7) 4 (16.0) 3 (14.3) 0.027
h. None (only based on renal duplex ultrasound) 2 (5.6) 3 (12.0) 0 (0.0) 0.262
i. Echographic diagnosis of renal artery stenosis in view of endovascular revascularization 24 (66.7) 13 (52.0) 16 (76.2) 0.219
(10) Do you follow patients who have already undergone renal denervation (RDN)?
a. No 19 (52.7) 20 (80.0) 12 (57.2) 0.017
b. Yes (patients who underwent renal denervation in other centres) 2 (5.6) 0 (0.0) 5 (23.8)
c. Yes (patients who underwent renal denervation in our centre) 15 (41.7) 5 (20.0) 4 (19.0)
(11) Which of the following patients would you consider eligible for renal denervation?
a. None 2 (5.6) 3 (12.0) 4 (19.0) 0.228
b. Patients with resistant hypertension 30 (83.3) 14 (56.0) 13 (61.9) 0.051
c. Patients with intolerance to several antihypertensive drugs 26 (72.2) 16 (64.0) 13 (61.9) 0.674
d. Patients with known ad documented poor adherence to therapeutic regimen 19 (52.8) 6 (24.0) 7 (33.3) 0.063
e. Patients with uncontrolled hypertension under one or two drugs 1 (2.8) 4 (16.0) 1 (4.8) 0.193
(12) Which are the most important obstacles in your centre in order to propose patients for renal denervation?
a. Fear for complications 8 (22.2) 4 (16.0) 3 (14.3) 0.815
b. Difficulty on finding a referral specialist for the procedure 9 (25.0) 12 (48.0) 9 (42.9) 0.146
c. Disbelief in procedure efficacy 8 (22.2) 8 (32.0) 5 (23.8) 0.673
d. Lack of a national or regional consensus which standardize algorithm of choice and 

treatment
15 (41.7) 14 (56.0) 7 (33.3) 0.285

e. Difficulty on evaluating treatment adherence though therapeutic drug monitoring 8 (22.2) 4 (16.0) 7 (33.3) 0.402
f. High cost of the procedure 5 (13.9) 3 (12.0) 0 (0.0) 0.218
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Table 4  Sub-analysis on type of hypertension centre concerning screening and management of renovascular hypertension (RVH), fibromuscular 
dysplasia (FMD) and renal denervation (RDN)

P-value in bold are statistically significant (P-value < 0.05)
ACE-Is angiotensin I converting enzyme inhibitors, ARBs angiotensin II receptor blockers, CTA  computed tomography angiography, MRA mag-
netic resonance angiography

Excellence centres Yes (n = 25) No (n = 57) P-value

(6) Which of the following patients, younger than 40 years, do you screen with a renal duplex ultrasound?
a. All patients with hypertension 8 (32.0) 15 (26.3) 0.597
b. Only female patients with hypertension 2 (8.0) 4 (7.0) 1.000
c. Hypertensive patients with abdominal bruit 15 (60.0) 32 (56.1) 0.740
d. Patients with reduced kidney function and/or renal size asymmetry 16 (64.0) 33 (57.9) 0.603
e. Patients with flash pulmonary oedema 8 (32.0) 17 (29.8) 0.841
f. Patients with a reduction in kidney function after therapy with ACE-I or ARBs 11 (44.0) 24 (42.1) 0.862
g. Patients with resistant hypertension 16 (64.0) 37 (64.9) 0.920
(7) Which of the following patients, older than 50 years, do you screen with a renal duplex ultrasound?
a. All patients with hypertension 3 (12.0) 1 (1.8) 0.082
b. Only male patients with hypertension 0 (0.0) 1 (1.8) 1.000
c. Hypertensive patients with abdominal bruit 13 (52.0) 38 (66.7) 0.207
d. Patients with reduced kidney function and/or renal size asymmetry 17 (68.0) 41 (71.9) 0.718
e. Patients with flash pulmonary oedema 10 (40.0) 26 (45.6) 0.639
f. Patients with a reduction in kidney function after therapy with ACE-I or ARBs 15 (60.0) 32 (56.1) 0.740
g. Patients with resistant hypertension 19 (76.0) 47 (82.5) 0.551
h. Patients with atherosclerotic lesions in other vascular beds (carotid, coronary …) 12 (48.0) 32 (56.1) 0.498
(9) Which of the following patients do you screen with a CTA or MRA of the renal arteries?
a. All patients with hypertension 0 (0.0) 0 (0.0) 1.000
b. All patients with resistant hypertension 7 (28.0) 3 (5.3) 0.007
c. Only female hypertensive patients (< 50 years) without cardiovascular risk factors 1 (4.0) 2 (3.5) 1.000
d. All female hypertensive patients irrespective of age and of cardiovascular risk factors 0 (0.0) 0 (0.0) 1.000
e. Male and female hypertensive patients (< 50 years) without cardiovascular risk factors 4 (16.0) 3 (5.3) 0.192
f. Hypertensive patients with suspicion of renal artery stenosis 21 (84.0) 42 (73.7) 0.308
g. Hypertensive patients with intracranial and/or systemic aneurysms 9 (36.0) 13 (22.8) 0.214
h. None (only based on renal duplex ultrasound) 0 (0.0) 5 (8.8) 0.182
i. Echographic diagnosis of renal artery stenosis in view of endovascular revascularization 18 (72.0) 35 (61.4) 0.357
(10) Do you follow patients who have already undergone renal denervation (RDN)?
a. No 5 (20.0) 46 (80.7) < 0.001
b. Yes (patients who underwent renal denervation in other centres) 6 (24.0) 1 (1.8)
c. Yes (patients who underwent renal denervation in our centre) 14 (56.0) 10 (17.5)
(11) Which of the following patients would you consider eligible for renal denervation?
a. None 2 (8.0) 7 (12.3) 0.715
b. Patients with resistant hypertension 18 (72.0) 39 (68.4) 0.740
c. Patients with intolerance to several antihypertensive drugs 16 (64.0) 39 (68.4) 0.699
d. Patients with known ad documented poor adherence to therapeutic regimen 12 (48.0) 20 (35.1) 0.269
e. Patients with uncontrolled hypertension under one or two drugs 2 (8.0) 4 (7.0) 1.000
(12) Which are the most important obstacles in your centre in order to propose patients for renal denervation?
a. Fear for complications 5 (20.0) 10 (17.5) 1.000
b. Difficulty on finding a referral specialist for the procedure 3 (12.0) 27 (47.4) 0.002
c. Disbelief in procedure efficacy 7 (28.0) 14 (24.6) 0.740
d. Lack of a national or regional consensus which standardize algorithm of choice and treatment 10 (40.0) 26 (45.6) 0.639
e. Difficulty on evaluating treatment adherence though therapeutic drug monitoring 7 (28.0) 12 (21.1) 0.493
f. High cost of the procedure 2 (8.0) 6 (10.5) 1.000
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should be performed with a renal artery duplex US and 
deepened with a CTA or MRA. Similarly, renal FMD should 
be considered in case of young or middle-aged patients with 
hypertension, especially women, with the clinical character-
istics described above and in case of history of migraine and 
pulsatile tinnitus or other vascular abnormalities, such as 
arterial aneurysms or spontaneous dissection [2, 20].

If RVH screening with a renal duplex US resulted scarce, 
the use of CTA or MRA of the renal arteries for screen-
ing was even lower. Rather than improving RVH diagnosis 
in case of high suspicion of renovascular disease without 
clear ultrasonographic findings, CTA and MRA of the renal 
arteries are used for a confirmatory diagnosis or in view 
of an endovascular treatment. These results hold true irre-
spective of the geographic distribution of the centres and of 
the medical specialty. In contrary, excellence centres were 
more likely to screen for RVH with CTA or MRA of the 
renal arteries compared to non-excellence centres, probably 
because of a wider and easiest access to these diagnostic 
tools.

Due to its low cost and widespread availability, imple-
menting the use of renal duplex US together with non-con-
trast renal US for HMOD assessment and RVH screening 
in all patients with hypertension, would be already a good 
starting point, as suggested by current recommendation [20]. 
Furthermore, since renal duplex US has several limitations 
[24], the use of CTA and MRA of the renal arteries should 
be also considered to deeply characterize the renovascular 
system in patients with high suspicion of RVH but negative 
ultrasonographic findings, as it may occur in case of FMD, 
since the lack of validated FMD-related duplex US param-
eter and the difficulty of visualizing the middle and distal 
segments of the renal arteries [24].

These recommendations are valid for all specialists, espe-
cially for cardiologists, who were less likely to screen for 
RVH even in case of cardiac complications such as recurrent 
flash pulmonary oedema [25].

According to the results of this survey, the spread of RDN 
is still limited. More than half of the centres did not to fol-
low any patient who had previously undergone RDN and 
reserved the procedure mostly for patients with RHTN or 
difficult-to-control hypertension, as a sort of last-resort after 
multiple therapeutic attempts.

The exiguity of the numbers has several reasons. Some 
centres have still concerns about its efficacy and procedure-
related complications, while others complain about the 
absence of standardized protocols and of referral specialists, 
highlighting that RDN is not easily accessible for everyone.

Despite these results may partly be an echo of previous 
negative findings [26, 27], recent clinical trials showed 
favourable effects of RDN on reducing blood pressure 
both in the absence or in presence of antihypertensive 
medications [28, 29]. For these reasons in the 2023 ESH 

guidelines [20] the efficacy and safety of RDN has been 
fully recognized. The new guideline also gave a special 
emphasis on the phenotypes of patients who are candidate 
for the procedure, expanding this procedure to patients 
with uncontrolled hypertension and with multiple drug 
intolerance syndrome [30].

The major limitation of this study is that the results 
were based on a self-reported not validated survey ques-
tionnaire. However, this study involved a large number of 
centres with a balanced representation of excellence and 
non-excellence centres.

5  Conclusions

The results of this survey revealed that the current screen-
ing of RVH, both for ARVD and FMD, among patients 
with hypertension is still unsatisfactory. As such, these 
results may partially justify the delay in the diagnosis of 
RVH, the high CV and overall risk of these patients and, 
secondary, some of the negative findings of the big tri-
als evaluating the efficacy of targeted therapies in such 
populations.

The results of this survey should lay the basis to 
increase the awareness on these conditions among all spe-
cialists. Furthermore, these results should reinforce the 
current recommendation in accordance with screening 
for RVH should become of routine practice to identify 
secondary cause of hypertension, reduce the percentage 
of pseudo-resistant hypertension, and minimize HMODs, 
whose onset may reduce the effectiveness of targeted 
therapies.

Similarly, the negative results of this survey on the use 
of RDN may led to promote initiative aiming to increase 
awareness on his safety and efficacy and to broadcast it 
once and for all, in line with the current recommendation.
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